This study was performed to examine the characteristics of transplant activity for patients with myelodysplastic syndromes (MDS) older than 50 years within the European Group for Blood and Marrow Transplantation, and to evaluate the factors predicting outcome within this group of patients.
INTRODUCTION
Allogeneic hematopoietic stem-cell transplantation (HSCT) is the only curative treatment for patients with myelodysplastic syndromes (MDS) or secondary acute myeloid leukemia (sAML). Early registry studies demonstrated an adverse association between advanced age and increased nonrelapse mortality (NRM). [1] [2] [3] [4] [5] [6] [7] However, recent improvements in conditioning regimens, supportive care, as well as the introduction of reduced intensity conditioning (RIC) regimens, have allowed the transplantation of older patients. 8, 9 Concurrent improvements in the resolution of HLA typing have facilitated the increased use of unrelated donor transplantation with comparable results to sibling allografts. These developments have led to a significant increase in the number of elderly patients with MDS being referred for allogeneic transplantation.
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While much of the drive toward allografting older patients has been made possible by the use of RIC regimens, it remains unclear as to whether it confers an improved overall survival (OS) in elderly patients with MDS. Some studies have suggested that the dose intensity of the conditioning regimen appears to play an important role in relapse-free JOURNAL OF CLINICAL ONCOLOGY survival post-transplantation for MDS or AML 11, 12 and recent European Group for Blood and Marrow Transplantation (EBMT) studies in MDS and multiple myeloma have indicated that while the use of RIC is associated with a lower NRM, this is offset by a significantly higher relapse incidence when compared with conventional myeloablative conditioning regimens. 6, 13 With improvements in the quality of life and longevity of the general population, increasing numbers of patients older than 50 years are now being actively treated for MDS. Concurrent with these changes in treatment expectations, many older patients now ask to be considered for an allogeneic HSCT. The challenges facing transplant physicians at present include deciding which older MDS patients should be eligible for allografting, and whether certain older patients may derive greater benefit from receiving an increased dose regimen. Herein, we report on a retrospective multicenter analysis of 1,333 patients with MDS 50 years or older who received transplantation within the EBMT since 1998. The main aims of this study were to examine the characteristics of transplant activity for patients with MDS older than 50 years within EBMT, and additionally to study the factors predicting outcome within this group of patients.
PATIENTS AND METHODS
Patient details are presented in Table 1 . Included in the study were 1,333 patients from 202 centers, with a primary diagnosis of MDS. Only data from patients who underwent a first allogeneic transplantation between January 1998 and October 2006 and who were registered in the EBMT registry were included in this analysis. Data from 295 patients with HLA-matched sibling donors have been reported in a previous EBMT analysis. 6 All patients were 50 years or older at time of their first allogeneic transplantation. Disease morphology was classified according to the French-American-British (FAB) classification and was documented as separate variables for time of initial diagnosis as well as at time of transplantation. Patients with a diagnosis of chronic myelomonocytic leukemia (CMML) were excluded from the analysis. Three hundred thirteen patients (24%) had refractory anemia/refractory anemia with ringed sideroblasts, 471 (35%) had refractory anemia with excess blasts, 215 (16%) had refractory anemia with excess blasts in transition, and 334 secondary acute myeloid leukemia (25%) at initial diagnosis. Disease status at transplantation was defined as either early (Ͻ 5% marrow blasts) or advanced (Ͼ 5% marrow blasts).
The median recipient age was 56 years (range, 50 to 74 years) with 884 patients (66%) age 50 to 60 years and 449 (34%) age older than 60 years. There were 811 HLA-matched sibling (67%) and 522 unrelated donor transplants (33%). Four hundred nine were matched unrelated donors and 113 were mismatched unrelated donors. Five hundred patients (38%) received standard myeloablative conditioning (SMC) and 833 (62%) received RIC as previously defined. 6 Briefly, RIC included fludarabine plus intermediate doses of one or two alkylating agents or low-dose total body irradiation (2 to 4 Gy), with or without anti-thymocite globulin or alemtuzumab. Intermediate doses of alkylating agents were defined as busulphan (8 to 10 mg/kg orally), intravenous melphalan (80 to 140 mg/m 2 ), intravenous cyclophosphamide (600 to 1,200 mg/m 2 ), or intravenous thiotepa (5 to 10 mg/kg). The median age of the older than 60 cohort was 63 years (range, 60 to 75) compared with 54 years (range, 50 to 60) for the 50 to 60 cohort. Patients in the older than 60 cohort were more likely to receive a volunteer unrelated donor transplant (37% v 32%; P ϭ .03), as well as a RIC regimen (78% v 55%; P Ͻ .01), while patients in the 50 to 60 cohort were more likely to have advanced stage MDS at transplant. Patients receiving RIC were older when compared with SMC recipients (median age, 59 years [range, 50.0 to 74.7 years] v 54 years [range, 50.0 to 73.7 years]; P ϭ .02). However, SMC recipients had more advanced disease stage at both time of diagnosis (60% v 49%; P ϭ .03) and at time of transplantation. There was no difference in donor type between RIC and SMC (P ϭ .15).
For graft versus host disease prophylaxis, this variable was not uniformly entered into the EBMT database in most patients, and thus its impact on transplantation outcomes has not been estimated. Fifty-one percent of patients received some form of in vivo T-cell depletion. Due to the retrospective nature of the study, the reason(s) for inclusion in a RIC protocol and exclusion from a SMC in each transplantation group were not known. Informed consent was obtained locally in accordance with the principles laid out in the Declaration of Helsinki and based on specific protocols approved by the respective local and national ethics committees for each transplant center.
Statistical Methods
End points were assessed on the date of last patient contact, and the final database was updated in October 2006. Analysis focused on NRM, disease relapse, or progression, relapse-free survival (RFS), and OS. Transplantation outcomes were tabulated at 4-years after transplantation, although outcomes at earlier time points are shown in Figure 1 where cumulative incidence estimates are shown in a competing risk context.
The probabilities of RFS and OS estimates from the time of transplantation are identical to the usual Kaplan-Meier estimates and groups were compared using the two-tailed log-rank test. The probability of occurrence of graft Abbreviations: RA, refractory anemia; RARS, refractory anemia with ringed sideroblasts; RAEB, refractory anemia with excess blasts; RAEB-t, refractory anemia with excess blasts in transition; sAML, secondary acute myeloid leukemia.
versus host disease, NRM, and disease relapse or progression was calculated using cumulative incidence estimates, taking into account the appropriate competing risk structure(s). (Cause specific) effect estimates for risk factors were obtained using Cox regression models. The main variables analyzed included donor age, donor status, recipient age group (50 to 60 v Ͼ 60 years), FAB disease classification at presentation, disease status at transplantation, type of conditioning regimen, time period of transplantation (1998 to 2001 v 2001-present), time from diagnosis to transplantation (Ͻ 6 month, 6 to 12 months, and Ͼ 12 months), lines of prior intensive chemotherapy, cytogenetics, donor-recipient cytomegalovirus status, graft type (bone marrow v peripheral blood stem cells). There was sufficient data on cytogenetics in 378 patients (31%). As such, International Prognostic Scoring System (IPSS) was not included as a variable in this study. For multivariate analyses, the main covariates were first entered together into the model; with covariates found not to be significant at the .10 level removed from the Cox model in a stepwise backward way. Type of conditioning regimen was held in the model at each step irrespective of its significance since it was the main parameter of interest. Potential interactions between the covariate type of conditioning regimen and the other remaining covariates were tested, adding cross-product terms to the model in a forward stepwise way. Significance tests for all outcomes are based on the usual Cox models which estimate cause-specific hazards and test hazard ratios (HRs) using a likelihood ratio test. However, when we produced survival curves (cumulative incidence estimates) these were based on uni-or bivariate competing risk estimates without underlying model assumptions, but with unbiased curve estimates. When groups were compared according to continuous covariates, the Mann-Whitney U test or Kruskal-Wallis one-way analysis of variance on ranks test were used for differences in medians. According to the group sizes, a 2 analysis or Fisher's exact test was used to compare categoric covariates. SPSS version 11 (SPSS, Chicago, IL) was used for all statistical analyses.
RESULTS

OS
The 4-year estimate OS of the whole cohort was 31% (Fig 1) . At the time of data censure, there were 642 deaths in total. The main identifiable causes of death were relapse in 235 (37%), secondary malignancy in three (0.5%), transplant-related causes 359 (56%), and other causes 45 (7%). The 4-year OS estimate of the 50 to 60 years and older than 60 years cohort was 34% and 27%, respectively, corresponding to a HR of 0.87 (P ϭ .23). In addition, 4-year estimate OS for patients receiving RIC or SMC was 32% versus 30% (HR, 0.97; P ϭ .73; Fig 2) .
Nonrelapse Mortality
The 4-year estimate NRM was 36% for all patients. However, patients undergoing RIC had a significantly lower 4-year NRM when compared with those receiving SMC (32% v 44%; HR, 0.84; P ϭ .05). While patients older than 60 years had a higher NRM, this was not significantly different from the 50 to 60 age group (4-year estimate: 36% v 39%; HR, 1.11; P ϭ .39). When compared with the use of an HLA-matched sibling donor, an HLA-matched or HLA-mismatched unrelated donor was both associated with a higher NRM (4-year estimate: 34% v 40% v 54%; P ϭ .02; Fig 3) .
Relapse
There were 368 relapses in the cohort at time of data censure. Despite more patients with advanced disease receiving SMC, patients with RIC had a higher 4-year relapse rate (41% v 33%; HR, 1.39; P Ͻ .01). In addition, patients with advanced age had a higher relapse rate (50 to 60 years: 32% v Ͼ 60 years: 41%; HR, 1.32; P ϭ .02). There was no significant difference in relapse incidence between patients with either an HLA-matched sibling, HLA-matched or mismatched unrelated donor (4-year estimate: 36% v 34% v 38%; P ϭ .96).
Cytogenetics
Based on the IPSS cytogenetic classification, 89 patients were poor risk, 91 standard risk, and 225 favorable risk. There was no significant difference in the choice of conditioning regimens between different cytogenetic risk groups. Patients with available cytogenetic data were more likely to be 50 to 60 years, have an HLA-matched sibling donor, and have less advanced disease stage at time of transplant. On univariate analysis, patients with poor risk cytogenetics had a significantly increased 4-year relapse incidence (71% v 39% v 37%; P Ͻ .01) and reduced median OS (8.1 v 19.4 v 30.5 months; P Ͻ .01) when compared with patients with standard or favorable cytogenetics. There was no significant difference in 4-year NRM among groups (42% v 35% v 36%; P ϭ .24).
Multivariate Analysis
On multivariate analysis of 4-year outcomes (Table 2) , use of RIC (HR, 1.44; 95% CI, 1.13 to 1.84; P Ͻ .01) and advanced disease stage at transplantation (HR, 1.51; 95% CI, 1.18 to 1.93; P Ͻ .01) were associated with an increased relapse rate. In contrast, advanced disease stage at transplantation (HR, 1.43; 95% CI, 1.13 to 1.79; P ϭ .01), use of RIC (HR, 0.79; 95% CI, 0.65 to 0.97; P ϭ .03) and use of an unrelated donor (P ϭ .03) were independent variables associated with NRM. Advanced disease stage at transplantation (HR, 1.55; 95% CI, 1.32 to 1.83; P Ͻ .01) was the major independent variable associated with an inferior 4-year OS.
DISCUSSION
The contribution of recipient age toward the outcomes of allogeneic hematopoietic stem-cell transplantation has been a subject of significant debate in recent years. The incidence of poor risk MDS is proportionally greater in elderly patients, with increased frequency of sAML, as well as adverse cytogenetic abnormalities. 3, 7 Early registry studies have demonstrated a significant correlation between advanced age and increased NRM. [1] [2] [3] [4] 7, 14, 15 This study is the largest comparing outcomes of patients with MDS older than 50 years undergoing allogeneic HSCT. Of note, while the study is based on the FAB classification of MDS, based on the current WHO classification system, 41% of the cohort would have AML at time of initial diagnosis. There were inherent imbalances between the cohorts, with patients age 50 to 60 years more likely to receive SMC, with a more advanced disease stage at transplantation, while patients age older than 60 years were more likely to have an unrelated donor. In addition, there are the usual limitations of registry-based studies with the incompleteness of IPSS and cytogenetic data. Nevertheless, on multivariate analysis, there was no significant difference in outcomes between patients aged 50 to 60 years when compared with those older than 60 years. Importantly, at 4 years post-transplantation, 31% of the cohort was alive, indicating that HSCT is a feasible therapeutic option in a significant proportion of older patients undergoing an allograft for MDS.
With the implementation of reduced intensity conditioning regimens, various groups have demonstrated that older patients with MDS can be successfully allografted. Alyea and colleagues 11 performed a retrospective analysis of 152 patients with MDS/AML older than 50 years undergoing RIC or myeloablative transplantation. Despite RIC patients being more likely to have unrelated donors and active disease at transplantation, the OS was improved in the RIC group, with the NRM mortality rate being lower for RIC patients but with a higher relapse rate. 16 More recently, the EBMT reported on the outcomes of 836 patients with MDS who received transplantation with a HLA-identical sibling donor, analyzed according to the type of conditioning received. 6 Despite the fact that RIC patients were older than patients in the SMC group, the 3-year probability of being progression free was similar, with an increased 3-year relapse rate after RIC offset by a decreased 3-year NRM when compared with SMC. Similarly, in this study, the use of RIC was associated with a higher relapse rate. In contrast, advanced disease stage and the use of an unrelated donor, rather than age or type of conditioning regimen were the only independent factors influencing the NRM.
There is an increasing awareness that transplant physicians need to consider both age as well as the coexistence of other comorbidities in the evaluation of patient suitability for transplantation. This study suggests again that advanced age per se, should not be a contraindication for allografting in MDS. Assessment scores such as the Charlson comorbidity score, or more recently, the specifically developed hematopoietic cell transplantation comorbidity index may help to improve patient selection, [17] [18] [19] and comorbidity indices should be incorporated as part of transplant registry data collection forms for future studies.
The single most important prognostic variable in our study was the disease stage at time of transplantation, with patients with more than 5% blasts at time of transplantation having a significantly inferior RFS and OS. Our findings are consistent with reported data indicating that in MDS/AML, a low pretransplant tumor burden is essential for the success of the allograft. [20] [21] [22] [23] Intensive chemotherapy is effective in inducing complete remissions in 15% to 65% of patients. 23, 24 However, these remissions are often short-lived due to subsequent disease relapse. While it may appear logical to pretreat patients with intensive chemotherapy to reduce the disease burden, controversy remains about the effectiveness of this approach, as it is unclear if intensive chemotherapy merely identifies a subgroup of patients with more chemotherapy-responsive treatment.
The observation that patients receiving SMC have a lower relapse incidence when compared with patients receiving RIC in our cohort supports existing evidence suggesting that the dose intensity of the conditioning regimen has an important influence on the posttransplant remission rates.
12 However, recent data from Scott et al 22 on 150 patients with MDS/sAML receiving RIC or SMC regimens demonstrated that the overall and progression-free survival rates were similar for patients with chemotherapy-induced remissions irrespective of conditioning intensity, suggesting that graft versus leukemia effects may be more important in preventing progression in patients in chemotherapy-induced remissions at the time of transplantation. In contrast, Aylea and collegues 11 have shown that increasing the dose intensity of RIC regimens reduces the relapse incidence among patients with either MDS or AML, albeit with increased treatment related toxicity. Indeed, there is evidence to suggest that in selected older patients, an intensification of the reduce intensity conditioning regimens may be effective at treating patients with active disease at time of transplantation. 25, 26 Unfortunately, the heterogeneity of the conditioning regimens within the EBMT registry database limits any more detailed analysis of this relationship.
While only 31% of patients in the cohort had available cytogenetic data, the presence of poor-risk cytogenetic features was associated with significantly inferior outcomes on multivariate analysis. There were however notable differences in the patient demographics of this group when compared with patients without any available cytogenetic information, and as such the cytogenetic findings of this study may not be extrapolated for the whole cohort of patients. Nevertheless, this observation highlights the prognostic significance of pretransplant cytogenetic evaluation and the need to consider specific treatment strategies in patients with poor-risk cytogenetics.
Specific questions need to be addressed with regards to the role of both induction chemotherapy, and dose-intensified reduced intensity conditioning, and their associated toxicity in older patients under consideration for allogeneic transplantation. Our study indicates that in older patients with advanced disease stage at transplantation, alternative treatment options or novel treatment regimens should be considered. The recent discovery of novel immunomodulatory and disease modifying agents has expanded the treatment options for a 
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Some risk factors in the Cox model contain a category for unknown to avoid loss of information; the overall P values for age, conditioning, disease stage, donor, and cytogenetics denote the P value of the complete risk factor; the individual P values denote the P values of the given contrasts to the reference category. For clarity, the unknown categories as well as the nonsignificant risk factors have been omitted from the table.
subset of patients with MDS. [27] [28] [29] While the use of these agents, do not result in a long-term cure, several recent studies have indicated the feasibility of these agents in being incorporated into either the pretransplant induction regimen, or as part of the post-transplantation maintenance protocol. 30 Given the relatively high relapse rates in these patients, the role of low toxicity agents as part of a pre-emptive maintenance program warrants further investigation.
The other major variable influencing outcomes in our study is the choice of donor; allografting with an HLA-matched sibling donor being associated with significantly reduced NRM when compared with the use of an unrelated donor. Early registry analyses on the results of MDS patients transplanted with unrelated donors (median recipient age Ͻ 38 years) demonstrated a 2-year NRM of 54% to 57%. 2, 3 Advances in supportive care and conditioning regimens have contributed to the comparatively improved NRM in this cohort (36% at 4 years). Particularly in the context of RIC HSCT, various centers have recently reported on the use of both sibling and unrelated donors with comparable outcomes. 21, 31 However, our data suggest that in older patients with MDS, the choice of stem-cell donor remains a point of consideration, although both types of donors result in significant long-term survival even in patients older than 60 years.
In summary, this study demonstrates that allogeneic HSCT is a potential curative therapeutic option for many older patients with MDS and that disease stage at time of transplantation, but not age, remains the most important factor influencing subsequent outcomes. In addition, the choice of stem-cell donor remains a significant consideration for allogeneic transplantation within this age group of patients. Given the increasing choice of options within the field of MDS transplantation, an individualized approach should be adopted in determining specific treatment strategies toward the treatment of a patient with MDS.
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